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 ABSTRACT  The objectives of this study were to es-
timate genetic parameters for egg production over the 
age trajectory in 3 layer lines, which represent different 
biotypes for egg production, and to validate the use of 
breeding values for slope as a measure of persistency 
to be used in the selection program. Egg production 
of more than 26,000 layers per line from 6 consecutive 
generations were analyzed with a random regression 
model with a within-hatch-nested fifth-order fixed-re-
gression polynomial and linear polynomials for random 
additive genetic and permanent environmental effects. 
Daily records were cumulated into biweekly periods. In 
all lines, a nonzero genetic variance for mean and slope 
and a positive genetic correlation between mean and 
slope were estimated. Genetic variance of egg produc-
tion by 2-wk period was low at the beginning of lay 
and increased as the birds aged for all 3 lines, which 
resulted in heritability estimates increasing with age. 
Breeding values for slope reflected the shape of the egg 
production curve well and can be used to directly select 
for persistency of egg production. 
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 INTRODUCTION 
 The rate of egg production is the most important 
trait in layers because it ultimately determines the num-
ber of eggs produced in a given period of time. Other 
traits, such as egg weight, shell integrity, and internal 
egg quality, are also important because they contribute 
to the economic value of the salable eggs produced and 
their market value. However, no other trait has the im-
portance of egg production rate as a single indicator of 
egg layer efficiency. With this in mind, major emphasis 
must be placed on selecting for the rate of egg produc-
tion in pure lines. In this regard, one of the main con-
cerns for the poultry breeder is how to best define egg 
production rate as a trait for selection. The rate of egg 
production changes over time, and can be represent-
ed in terms of a “production curve.” The shape of the 
curve is defined by the following stages: 1) sexual matu-
rity (which marks the onset of production), followed by 
a stage of increasing production to a maximum, or 2) 
a production peak, followed by a steady decline in egg 
production, or 3) persistency of production. In modern 
layers, the production rate almost reaches its maximal 
biological potential (i.e., 1 egg/hen per day) during 
peak production; therefore, hardly any variation exists 
among birds at this stage. What differs among birds is 
how long they can maintain a high rate of lay and at 
what rate production decreases after the peak. 
 The development of a statistical methodology known 
as a random regression model enabled the description 
of genetic values along age trajectories (Schaeffer and 
Dekkers, 1994; Meyer and Hill, 1997). By making a use 
of information along the trait trajectory, random re-
gression models allow more accurate selection and may 
provide a tool to modify the shape of the production 
curve (Huisman et al., 2002). For birds with the desired 
high persistency, their advantage over contemporaries 
increases with age. Therefore, they are expected to 
show positive breeding values for slope past peak pro-
duction when breeding values are expressed as devia-
tions from the average egg production curve. Random 
regression models are routinely used in breeding value 
prediction in dairy cattle evaluations (Schaeffer et al., 
2000), but very few studies have evaluated their appli-
cation to layer performance (Anang et al., 2002; Wolc 
and Szwaczkowski, 2009). 
 The objectives of this study were to estimate genetic 
parameters for egg production over the age trajectory 
in 3 layer lines, which represent different biotypes for 
egg production, and to validate the use of breeding val-
ues for slope as a measure of persistency to be used in 
the selection program. 
  
 Received September 10, 2010.
 Accepted October 3, 2010.
  1 Corresponding author:  awolc@jay.up.poznan.pl 
© 2011 Poultry Science Association Inc.
30
MATERIALS AND METHODS
Egg production data over 6 generations from 3 pure-
bred layer lines, representing different biotypes for 
egg production, were made available by Hy-Line In-
ternational (West Des Moines, IA). Two of the lines 
produced white eggs but of differing egg sizes: a small 
white-egg (SWE) line and large white-egg (LWE) line, 
whereas the third line was a brown-egg (BE) layer. 
The data were recorded daily from the first egg to 47 
wk of lay. A total of 26,719, 31,531, and 31,059 hens 
were recorded for multiple egg production every 2 wk, 
resulting in 307,462, 379,786, and 372,288 records in-
cluded for the SWE, LWE, and BE lines, respectively. 
Selection occurred in a 2-stage process. As part of the 
regular selection program, hens were selected based on 
early egg production (up to 38 wk of age) and egg qual-
ity (measured at around 26 wk of age) and rearranged 
for late evaluation. Therefore, recording was discontin-
ued until birds had finished an adaptation period in the 
new environment. After late evaluation (about 40 to 47 
wk of age), final selection was performed to select the 
birds for reproducing the next generation of each line. 
Production records used herein include those of prese-
lected hens along with their contemporaries. Because 
of unexpected events, egg production records were se-
verely reduced on some days; these data points were 
excluded from the analysis. On average, data from 177, 
164, and 160 d were available for each production cycle 
for the SWE, LWE, and BE lines, respectively. Prelimi-
nary analyses were carried out to define the best time 
periods to describe the production trajectory. Two-
week periods were found to be adequate to describe 
production records in these lines. The data for analyses 
used standardized 2-wk records, defined by dividing the 
number of eggs produced within a 2-wk period (calen-
dar based) by the actual number of days in production 
records in this period, and multiplying by 14. If fewer 
than 8 d were available in a given period, the whole 
period was excluded from the analysis.
Analysis of 2-wk records was based on the following 
random regression model:















where yikl is the record of hen k in period l with hatch-
year i (i = 1 … 37); HYi is the fixed effect of hatch-
year i; bm is the fixed regression coefficient for the mth 
order of the polynomial of the period; akm is the mth 
random regression coefficient for the additive genetic 
effect of animal k; pkm is mth random regression coeffi-
cient for the permanent environmental effect of animal 
k; zklm is the covariate coefficient of Legendre polyno-
mials for period l of animal k; and eikl is the random 
residual effect. Variables n1, n2, and n3 are the numbers 
of covariate coefficients, which are dependent on the 
order of Legendre polynomials for b, a, and p effects, 
respectively.
The rationale used for model choice in terms of order 
of polynomials was to find a parsimonious model that 
combined adequate fit with minimizing the number of 
parameters to estimate to ensure applicability under a 
regular evaluation program, which involved simultane-
ous selection of multiple populations. Thus, after initial 
screening, a fifth-order orthogonal (Legendre) polyno-
mial was chosen for the fixed regression (n1 = 5) be-
cause it was flexible enough to adequately describe the 
average within hatch production curves, whereas lin-
ear Legendre polynomials were fitted for both random 
terms (n2 = n3 = 1). The linear polynomial has an ad-
vantage of simple interpretation of parameter estimates 
as mean and slope, with the latter being considered a 
measure of persistency. In addition, variance compo-
nents by period from quadratic polynomials for ran-
dom terms were similar in shape to the linear ones and 
were therefore not included herein. A separate residual 
variance was fitted for each 2-wk period. The variance 
components and parameters were estimated using the 
ASReml program (Gilmour et al., 2008). For one of the 
lines, the expected response to selection was calculated 
as the difference between the average breeding value of 
the 20% best individuals within sex and generation if 
ranked based on estimated breeding value (EBV) for 
mean or slope and the average breeding value of all 
individuals.
RESULTS
The 3 lines used in the analyses differed slightly in 
their average egg production curves (Figure 1). This 
was evident from differences in time and level of maxi-
mum production (higher in the BE line) and persisten-
cy (higher in the BE line and lowest in the LWE line).
In all lines, a nonzero genetic variance for slope and 
a positive genetic correlation between mean and slope 
were estimated (Table 1). The genetic variances of egg 
production by 2-wk periods were low at the beginning 
of lay and increased as the birds aged for all 3 lines 
(Figure 2). The lines were also characterized by a com-
mon pattern of residual variances, with high values at 
the beginning of lay, a decrease at peak production, 
and a later gradual increase toward the end of the pe-
riods analyzed herein. The permanent environmental 
variance components were low along the trajectory but 
tended to increase slightly with age.
Estimates of heritability increased with age in all lines 
(Figure 2D). Values were below 10% for the first 12 
periods in all lines, and then increased slowly to reach 
between 10 and 20% toward the end of the periods 
evaluated. Estimates of repeatability for egg production 
closely followed those for heritability, with a somewhat 
higher rate of increase with age. Estimates of repeat-
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ability (Figure 2D) fluctuated between 7% (period 2) 
and 55% (period 23) for the SWE line. Corresponding 
values were 5% (period 2) and 48% (period 23) for the 
LWE line. In the BE line, estimates of repeatability 
reached their highest value in period 20 (51%) because 
of a steady increase in permanent environmental vari-
ance (Figure 2C).
The difference in EBV for the slope reflected well 
the differences in persistency of egg production between 
birds; that is, birds with a positive EBV for slope re-
mained high along the trajectory, whereas the trajec-
tory dropped substantially for those with a negative 
EBV for slope. The positive genetic correlation between 
mean and slope (Table 1) resulted in an improvement 
in persistency even if selection was entirely on the mean 
(Figure 3). A higher response for persistency is possible 
to achieve, but at the cost of a lower improvement in 
the mean. Therefore, if the main goal is to improve per-
sistency, selection on the slope is more efficient. Selec-
tion on both the mean and the slope is also possible by 
assigning different weights to EBV for each parameter 
in a selection index.
DISCUSSION
Despite differences in biotype for egg production 
and possible differences in their selection history, the 
analyzed populations showed a consistent pattern of 
changes in variance components for egg production rate 
with age. The observed gradual increase in heritabil-
ity with age does not agree with the finding of the 
U-shaped pattern of heritability described in previous 
studies (Anang et al., 2002; Wolc and Szwaczkowski, 
2009). The difference may be due to different model 
components implemented in the present study: 1) the 
use of heterogeneous residual variances, which allowed 
the residual term to better accommodate to the nonge-
netic changes in the variance of egg production along 
the trajectory, and 2) the choice of a fixed regression 
function, fitting a fifth-order polynomial nested within 
hatches, which corrected for differences in the age of 
birds producing at the same time. An increase in heri-
tability of egg production with age was also reported 
by Luo et al. (2007). However, the authors used ac-
cumulated egg production, which represents a different 
Figure 1. Average egg production by biweekly period in the 3 studied populations. Breaks in lines represent weeks in which there were no data 
points. BE = brown egg; LWE = large white egg; SWE = small white egg.
Table 1. Estimates of genetic variance σG
2( )  and permanent environmental variance σ pe2( )  of the 
mean and slope (±SE) and their correlation (r) in 3 populations1 of layer chickens 
Item  σGmean
2   σGslope
2   rGmeanslope
  σ pemean
2   σ peslope
2   rpemeanslope
 
SWE 0.71 ± 0.06 0.31 ± 0.03 0.65 2.15 ± 0.05 0.59 ± 0.02 0.62
LWE 0.62 ± 0.04 0.40 ± 0.03 0.70 1.20 ± 0.03 0.48 ± 0.02 0.60
BE 0.33 ± 0.03 0.20 ± 0.02 0.55 1.31 ± 0.02 0.73 ± 0.02 0.53
1BE = brown-egg line; LWE = large white-egg line; SWE = small white-egg line.
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Figure 2. Estimates of variance components (animal = additive genetic; residual variance; pe = permanent environmental variance) and ratios 
(D) in the small white egg (SWE; A), large white egg (LWE; B), and brown egg (BE; C) lines. Breaks in lines represent weeks in which there 
were no data points.
Figure 3. Expected response to selection means (eggs/2 wk) and slope (Δeggs/2 wk) in the small white egg (SWE) line if 20% of both sexes 
are selected using estimated breeding values for mean or for slope of egg production.
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definition of production and an alternative approach 
for measuring laying potential. The model implemented 
in the present study performed adequately to describe 
the variation in the egg production trajectory by using 
a high (fifth)-order polynomial for the fixed regression 
effect and heterogeneous residual variances while re-
quiring only a linear-order polynomial to describe the 
variation in additive genetic and permanent environ-
mental effects.
The results from the model above agreed fairly well 
with a multiple-trait model (egg production in periods 
3, 7, 17, and 26 fitted as separate traits) in one of the 
lines (results not shown). In addition, in turkeys, Kranis 
et al. (2007) showed that random regression models 
(with second- or third-order polynomials) gave results 
similar to multiple-trait models and were able to ad-
equately describe the dynamic changes in genetic vari-
ance in egg production over time. Because only a few 
studies have been published using random regression 
to evaluate the egg production trajectory, there is still 
not a common agreement regarding the type of func-
tion that should be used to describe average production 
over time. In the case of the orthogonal polynomials, 
such as the Legendre functions, no agreement exists 
regarding the orders of polynomials that should be fit-
ted to describe the random effects (animal genetic and 
permanent environmental) adequately. Fitting a linear-
order polynomial for the additive genetic term herein 
allowed for relatively quick convergence and resulted in 
prediction of the breeding values, which can be used to 
directly select for persistency of egg production. This 
makes the model proposed in this study appealing for 
implementation in large and multiple populations un-
der commercial conditions by breeding companies or 
other breeding organizations.
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